Effects of cellular differentiation in human primary bronchial epithelial cells: Metabolism of 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone.
Many of the toxicants in tobacco smoke undergo biotransformation in the lungs of smokers, both to reactive and to detoxified derivatives. Human air-liquid-interface (ALI) airway tissue models have emerged as an advanced in vitro model for evaluating the toxicity of inhaled substances; however, the metabolic potential of these cultures has not been evaluated extensively. In this study, we compared the metabolic activities of an ALI tissue model to the undifferentiated normal human primary bronchial epithelial (NHBE) cells from which it was derived. Measurement of the basal levels of gene expression for 84 phase I drug metabolism enzymes indicated that most genes were upregulated in ALI cultures compared to NHBE cells. Furthermore, the enzymatic activities of three cytochrome P450s involved in the bioactivation of tobacco-specific nitrosamines were higher in the ALI cultures, and the bioactivation of 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone (NNK), as measured by the formation of two of its major metabolites, i.e., keto acid and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), was significantly greater in the ALI cultures. Finally, NNK was a direct-acting genotoxicant in the ALI cultures, while the genotoxicity of NNK was detected in NHBE cells only in the presence of an exogenous liver S9 activation system. Taken together, our findings demonstrate the greater metabolic potential of well-differentiated ALI cultures than primary NHBE cells, supporting the potential use of ALI airway cultures as an alternative in vitro model for evaluating inhaled toxicants that require metabolic transformation.